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THE SOFTWARE OF MULTI-CRITERIA AND MULTI-LEVEL 
ESTIMATION OF INVESTMENT PROJECTS
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Abstract
Here presents are research and developed algorithms and programs of multi-criteria and multi-level estimations of investment projects, 
tool-kit for generating multi-criteria and multi-level estimations of variants of investment projects.
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ПРОГРАММА МНОГОКРИТЕРИАЛЬНОЙ И 
МНОГОУРОВНЕВОЙ ОЦЕНКИ ИНВЕСТИЦИОННЫХ 
ПРОЕКТОВ
Халтурсунов Э.Б.
Turin Polytechnic University in Tashkent
Аннотация
Излагаются  исследования, разработанные алгоритмы и программы многокритериальной и многоуровневая оценки 
инвестиционных проектов, т.е. инструментарий  генерации многокритериальной и многоуровневая оценки вариантов 
инвестиционных проектов.
Ключевые слова: Инвестиционный проект, многокритериальный, многоуровневый, оценка, оптимальное решение, показатели, 
вариант, методы, алгоритмы, программное обеспечение.
Introduction and problem definition
Decisions on tasks to determine the best option are of 
fundamental importance in the economy, especially in in-
vestment activities. When evaluating these projects, it is nec-
essary to take into account a significant set of complex indi-
cators - economic, financial, resource, social, environmental, 
etc., and take into account inflation, various aspects of the 
time factor, risk and uncertainty in various information sit-
uations: with probability, interval and interval-probabilistic 
uncertainty, etc. The definition of a more economical (bet-
ter) option is obvious when each main indicator of one of the 
options is better than the corresponding indicator of the oth-
er. However, in real conditions, as a rule, this is not realis-
tic. In such cases, the best option can be found by compar-
ing all the indicators. 
With the help of the multi-criteria multi-level project es-
timation software package, many indicators of investment, 
tender and other projects from various sectors of the econo-
my are evaluated and the best one is determined on this ba-
sis. [1,2]
As a rule, the indicators of such projects consist of the 
quantities measured in different measurement scales, have 
different meaning and order of measurement and are not 
reducible to one criterion. So in investment activity, when 
evaluating, it is necessary to take into account a significant 
set of complex indicators - economic, financial, resource, so-
cial, environmental, etc., and also take into account inflation, 
time, risk and uncertainty, etc.
Currently, there are more than 30 such indicators (cri-
teria) in the economic sphere. The use of these or those of 
them depends on the current situation in the state, industry, 
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enterprise, market conditions, etc.
In this regard, in advance, the customer management 
service should determine which of the indicators to include 
in the project being developed? Next, develop a number of 
project options and calculate the selected indicators for them 
(see the example below) with the help of specially designed 
software tools, methodological guidelines, standards, etc.
The obtained values  of the indicators of the project vari-
ants are the basis for the software complex of multi-criteria 
multi-level estimation.
In investment activity, the estimation table includes a 
number of criteria calculated for the options, for example:
1. Multi-criteria estimation of the attractiveness of proj-
ect options. This serves for preliminary study of projects in 
order to assess their investment attractiveness for business 
partners. The valuation is based on the following key indica-
tors: the economic efficiency of investment; profitability of 
capital investments; payback period of the project.
2. Estimates of the effectiveness of projects based on the 
results of investment and operational activities for the proj-
ect. Estimation and comparison of projects among them-
selves is made on the following indicators: net discounted 
income; internal rate of return; profitability index; return on 
investment.
3. Estimates of projects with multi-period capital ra-
tioning. This module is used when available funds for in-
vestment may be limited.
And so on.
Problem solutions
The software complex is a set of algorithmic and soft-
ware tools that provide automation of the following func-
tions: the introduction of new options for the investment 
project; transformation of existing variants of the investment 
project; organization of the dialogue with the user; analysis 
and estimation of investment projects for a number of opti-
mality criteria; selection and adoption of the project; issuing 
help about working with the program.
The software is designed to implement the following 
tasks:
- analysis and estimation of investment project options 
for a number of optimality criteria (Wald, Hurwitz, Laplace, 
Savage, additive criteria), which is one of the methods of 
convolution of the vector criterion.
Further, the ratings are summarized in the logical rating 
and ranking of projects for a number of integrated ratings: 
integral; rank; weighted.
Important, when forming the estimation table, is the fol-
lowing: [2,3]
1. It is necessary to indicate which of the indicators (cri-
teria) it is desirable to minimize and which ones to maxi-
mize;
2. Determine the expert weight coefficient of the impor-
tance of the j-th index. The vector has the form [a
1
, a
2
, a
3
, 
…, a
m
], and its elements are determined by a 10-point scale;
3. Thoroughly analyze the indicators from the estimation 
table and select from them those that are useful for further 
estimation procedures.
Let’s consider an example of an estimation of investment 
projects. [4,5]
Multi-criteria estimation of options for the use of invest-
ment resources.
Developed of four variants of the investment project. The 
following indicators are calculated for them:
- investment costs;
- income from sales;
- variable costs;
- increase in necessary re-
sources;
- decrease in sales reve-
nue (due to lower prices or 
sales volumes or produc-
tion levels);
- reduction of wages;
- fixed costs;
- salary;
- delay and implementation 
of the project;
- increase in costs and wag-
es and decrease in sales 
revenue;
- a change in the discount 
rate, etc.
- increase in implementa-
tion costs;
Table 1 shows the selected indicators for the use of invest-
ment resources, and also shows which of them should be 
maximized. The rest one must be minimized.
Table 1.
Indicators B1 B2 B3 B4
1 6 15 19 19
2 32 23 19 10
3 (max) 27,1 47,7 50,4 69,7
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We normalize the indicators from Table 1 and reduce them to 
a matrix of normalized indicators (Tables 2 and 3).
Table 2. Information module No. 1 (IM1)
Indicators
Variants
B1 B2 B3 B4
Minimizable indicators
1 1 0,308 0,154 0
2 0 0,41 0,59 1
4 1 0,77 0,68 0
5 1 0,743 0,63 0
6 0 0,29 0,44 1
7 0 0,531 1 0,522
8 0,956 0,776 1 0
9 1 0,9 0,367 0
Maximized indicators
3 0 0,484 0,547 1
10 0 0,119 0,163 1
Table 3. Information module No.2 (IM2)
Indicators
Variants
B1 B2 B3 B4
Minimizable indicators
1 0 0,692 0,846 1
2 1 0,591 0,409 0
4 0 0,228 0,316 1
5 0 0,257 0,37 1
6 1 0,69 0,56 0
7 1 0,473 0 0,483
8 0,046 0,23 0 1
9 0 0,1 0,633 1
Maximized indicators
3 1 0,516 0,453 0
10 1 0,881 0,837 0
1. Estimation by the Wald criterion 
,minmax ijjii
PW =
 
Used IM1.
B1 B2 B3 B4
ijj
Pmin 0 0,119 0,154 0
ijji
Pminmax - - 0,154 -
ranks projects 3 2 1 3
2. Estimation by the Hurwitz criterion 
},max)1(min{max ijjijjii PPH αα −+=
B1 B2 B3 B4
ijj
Pmin 0 0,119 0,154 0
ijj
Pmax 1 0,9 1 1
A = α min Pij 0 0,0595 0,0770 0
B =(1- α) max Pij 0,5 0,45 0,5 0,5
{A+B} 0,5 0,5095 0,577 0,5
max  {A+B} - - 0,577 -
ranks projects 3 2 1 3
3. Estimation by the Laplace criterion ∑
=
Ρ=
m
j
ijj m
S
1
1
max
. Used IM1.
B1 B2 B3 B4
∑
j
ijÐ 4,956 5,331 5,571 4,522
Sj 0,4956 0,5331 0,557 0,4522
jj
Smax 0,557
ranks 
projects
3 2 1 4
4. Estimation by the Savage criterion 
).min(maxmin ijijiji
PPC −=
4 4191,84 12831,36 16164,16 42062,24
5 75037,92 185496,84 234123,48 504472,46
6 1090419,65 959551,67 892893,39 640923,14
7 1165457.57 1145048,51 1127016,87 1145395,6
8 113743,8 120465,9 112104,7 149529,4
9 4,7 5,0 6,6 7,7
10 (max) 152 176 185 354
3
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Indicators 
of projects
№  projects
Indicators В1 В2 В3 В4
ijiji
PP −max
1
2
4
5
6
7
8
9
10
3
1
0
1
1
0
0
0,954
1
0
0
0,308
0,409
0,772
0,742
0,31
0,527
0,77
0,9
0,119
0,484
0,154
0,591
0,684
0,63
0,44
1
1
0,367
0,163
0,147
0
1
0
0
1
0,517
0
0
1
1
)max(max ijijij
PP − 1 0,9 1 1
C 0,663
ranks projects 2 1 2 2
5. Estimation by the additive criterion (used IM2)
∑ ∑
= +=
+− Ρ−Ρ=
s
j
m
sj
jjijj xaxaxF
1 1
)()()(min
Indicators 
of porjects
№  projects
Indicators В1 В2 В3 В4
         
1
2
4
5
6
7
8
9
3
10
0
1
1
0
0
1
1
0
0
1
0,692
0,591
0,516
0,228
0,257
0,69
0,473
0,23
0,1
0,882
0,846
0,409
0,453
0,316
0,37
0,56
0
0
0,633
0,897
1
0
0
1
1
0
0,483
1
1
0
∑
=
−Ρ
s
j
jj xa
1
)( 3,046 3,261 3,134 5,483
∑
=
+Ρ
s
j
jj xa
1
)( 2,0 1,397 1,29 0
F (x) 1,046 1,864 1,844 5,484
min F(x) 1,046 - - -
Variants of ranks 1 3 2 4
For the final estimation of the project solutions, we summa-
rize all the results of the ranking of the options in the follow-
ing table.
Ranks by 
criterions:
B1 B2 B3 B4
Wald 3 2 1 3
Hurwits 3 2 1 3
Laplace 3 2 1 4
Savige 2 1 2 2
additive 1 3 2 4
Let’s construct logical ratings of variants and we will pass to 
a following stage of their estimation.
6. Final estimation of options for integrated ratings
Variant 
numbers
Logical 
Rating
Rank of 
variants by 
integral 
rating
Rank Rank-
ing
Integral 
rank on a 
ranking 
rating
Weighted 
rating
Rank of 
variants on 
weighted 
ranking
The final 
rank
В1 12333 3 12 3 28 3 3
В2 12223 2 10 2 32 2 2
В3 11122 1 7 1 42 1 1
В4 23344 4 16 4 20 4 4
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As can be seen from the estimation results, the 1st place 
was occupied by the variant №3, 2nd – B2, 3rd – B1.
As a result of the multilevel assessment, it was revealed 
that the 1st place was occupied by the variant number 2, the 
second place - option number 3, and the third place was oc-
cupied by the variant № 1 of the project.
Weights for all indicators, at the request of the customer, 
were the same, i.e. were equal to 1.
The created system can be successfully applied for other 
branches of the economy of the Republic.
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